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(57) Abstract 

The present invention relates to a nozzle assembly (10) adapted for use with an injector device having an energy generating source, 
a chamber adapted for holding a fluid, having first and second end portions with an orifice defined at the first end portion for passage of 
the fluid, and being open at the second end portion. The device includes a first driving member (60) movably positioned in the chamber; a 
second driving member (70) movably positioned in the chamber, spaced apart from the first driving member according to a predetermined 
travel distance, and including an end portion operative for expelling fluid out of or drawing fluid into the chamber via the orifice; and a 
spacing member (80) disposed between the first and second driving members for maintaining said predetermined travel distance during 
displacement of the first and second driving members before the energy generating source is activated. 
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NOZZLE ASSEMBLY WITH ADJUSTABLE PLUNGER TRAVEL GAP 

TECHNICAL FIELD 

The present invention relates to a fluid injector nozzle 
5 assembly having a plunger which includes first and second 
driving members which are spaced by a predetermined travel 
distance representative of the injection force. This travel 
distance is selectively adjustable by the user's choice of 
plunger mechanisms or by internal mechanisms which can be 
10 manipulated to vary the travel distance. 

BACKGROUND 

Medical communities have become concerned over the 
possibility of accidental communication of disease, such as 

15 Acquired Immune Deficiency Syndrome (AIDS) , hepatitis, and 
other diseases communicable through bodily fluids, through 
accidental needle sticking and improperly sterilized 
multiple-use needle injector. One way to curb some of these 
mishaps is to discard the entire needle injector after a 

20 single use. 

A number of single use needle injectors have been 
contemplated in this regard, as described in U.S. patent Nos. 
5,226,882 to Bates; 5,423,756 to van der Merwe; 5,135,507 to 
Haber et al; and 5,407,431 to Botich et al. As with all 

25 needle injectors, they provide a barrel for holding 

medication and a plunger/piston assembly slidingly received 
within the barrel for ejecting medication out of the barrel 
The Bates and van der Merwe patents disclose a piston (the 
forefront part that pushes medication) that separates from a 

30 plunger (the rod-like portion that pushes the piston) after 
medication is ejected. The Haber and Botich patents achieves 
a similar result by locking the piston to the barrel after 
the injection stroke is completed to prevent reuse. 
Needleless injectors have no needle. They thus 

35 completely remove any apprehension or the possibility of 
being pierced. At least in this regard, the needleless 
injectors are superior in eliminating accidental disease 
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transmission. Different needleless injector types have been 
contemplated, as described, for instance, in U.S. Patents 
5,062,830 issued to Dunlap; 4,790,824 to Morrow et al.; 
4,623,332 to Lindmayer et al.; 4,421,508 to Cohen; 4,089,334 
S to schwebel et al.; 3,688,765 to Gasaway; 3,115,133 to 
Morando; 2,816,543 to Venditty et al. ; and 2,754,818 to 
Scherer. These injectors have been contemplated to 
administer medication as a fine, high velocity jet, delivered 
under sufficient pressure to enable the jet to pass through 
10 the skin tissue without requiring a hypodermic needle. These 
injectors typically have a nozzle assembly which has a 
barrel-like nozzle body for holding medication therein. The 
nozzle member has an orifice through which a jet stream of 
medication is forced out from the chamber when a 
15 plunger /piston is actuated by an energy source, such as a 
coil spring, gas spring, and gas cartridge. 

Even though needleless injectors eliminate known 
problems associated with the needle injector type, 
nevertheless, as an added safety precaution, it would be 
20 desirable to discard the nozzle assembly after each use to 
prevent its reuse. For example, after a single use the high 
pressure applied by the energy source may cause the seal 
between the plunger/piston and the nozzle assembly to 
partially fail or leak. Thereafter, a subsequent use of the 
25 same nozzle may have inadequate pressure transmitted to the 
medication to ensure proper delivery. Additionally, this 
high pressure may enlarge the orifice in the nozzle assembly 
so that subsequent uses of the same assembly would not 
produce a jet having sufficient velocity to penetrate to a 

30 desired depth. 

In addition, some of these devices include rather 
complicated mechanisms for filling and bleeding of the fluid 
chamber, and cannot accurately control the delivery force 
which is applied to eject the fluid out of the chamber. The 

35 present invention provides new constructions which possess 
improvements in these areas. 
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SUMMARY 

The present invention relates to a nozzle assembly 
adapted for use with an injector device having an energy 
generating source and a chamber adapted for holding a fluid 
5 and having first and second end portions with an orifice 

defined at the first end portion for passage of the fluid and 
being open at the second end portion. The device includes a 
first driving member movably positioned in the chamber; a 
second driving member movably positioned in the chamber and 

10 spaced apart from the first driving member according to a 
predetermined travel distance and including an end portion 
operative for expelling fluid out of or drawing fluid into 
the chamber via the orifice; and a spacing member disposed 
between the first and second driving members for maintaining 

15 said predetermined travel distance during displacement of the 
first and second driving members before the energy generating 
source is activated. 

In one embodiment, the spacing member comprises a 
frangible connection between the first and second driving 

2 0 members, wherein when the energy generating source is 

activated, it produces a force upon the second driving member 
sufficient to break the frangible connection and to drive the 
second driving member across said predetermined travel 
distance toward the first driving member for urging the first 

25 driving member towards the chamber orifice to expel fluid 
therefrom. The first driving member typically includes a 
seal member to prevent fluid from exiting the chamber around 
the first driving member and through the open end, while the 
frangible connection preferably has a smaller cross-sectional 

30 area than either of the first and second driving members. 

The second driving member may include an end post which 
can be grasped to move the second driving member in a 
direction away from the chamber orifice to either draw fluid 
into the chamber or to remove the second driving member from 

35 the chamber, and wherein, after firing, the first driving 
member remains in the chamber to prevent reuse of the nozzle 
assembly. Advantageously, the first and second driving 

- 3 - 
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members are manufactured with indicia representative of a 
predetermined travel distance, so that different travel 
distances can be provided by selection of first and second 
driving members having different indicia. These indicia L 
5 include a specific color code, selected fro, different color 
codes, corresponding to a respective predetermined travel 
distance between the first and second driving members. 

The chamber preferably includes a tapered portion 
adjacent the orifice and the second driving member includes a 
10 tapered cone which conforms to the tapered portion of the 
chamber. The first and second driving members may be 
cylindrical and have D-shaped end portions which face each 
other with the frangible connection comprising a rectangular 
bridge connecting straight sides of the D-shaped portions 

resilient M eBb0di,nent ' the — l»r comprises a 

resilient biasing member disposed between the first and 
second driving members for resiliency maintaining said 
predetermined travel distance. The resilient biasing member 

20 operatives connected by a sleeve member and the spring being 
disposed within the sleeve member between the driving 
members The first driving member can have a seal in contact 

25 throuon T ar ° Und *"* f drlVln 9 — 

25 through the open end. The chamber generally includes a 

tapered portion adjacent the orifice and the first driving 
member includes a tapered cone which conforms to ^ tapered 
portion of the chamber. tapered 

In another embodiment, the resilient biasing member has 
IT PrelMd "* 1S natively disposed for 

maintaining the predetermined travel distance when the 
preload is greater than a movement force applied to the 
second driving member. Also, the first driving member can 

as I T * PlU " ger " hlCh " rem ° Vabl y —ected at the forward 
35 end thereof for expelling fl uid fro . the ohaBber 

This a lows the nozzle assembly to be disposed of after each 
use. i„ this construction, the plunger can include a first 
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end portion facing the first driving member and a second end 
portion adapted to face the orifice of the chamber. Also, 
the first driving member can include a first end portion 
facing the second driving member and a second end portion 
5 facing the first end portion of the plunger, with the first 
end portion of the plunger and the second end portion of the 
first driving member including releasable engagement means 
which form the removable connection . 

The releasable engagement means may be adapted to 

10 cooperate with the chamber so as to be maintained in an 

engaged state when the nozzle assembly is positioned within 
the chamber, and can be disengaged only when removed from the 
chamber. Thus, the device can be used without concern of 
accidental disengagement of the nozzle assembly. The first 

15 driving member can include a tail portion facing the second 
driving member and having a preselected length which controls 
the predetermined travel distance. The tail portion of the 
first driving member has an adjustable length to selectively 
vary the predetermined travel distance. 

20 Another embodiment of the invention relates to a nozzle 

assembly adapted for a needleless hypodermic fluid injector 
having a ram and a nozzle member defining a blind bore with 
at least one orifice communicating with the bore. This 
nozzle assembly includes a first driving member; a second 

25 driving member selectively spaced apart from the first 
driving member according to a free travel distance; and a 
plunger member adapted to be movably positioned within the 
bore. The bore and movable plunger member collectively 
define a variable-volume fluid chamber communicating with the 

30 orifice, with the plunger member adapted to be selectively 
movable by the ram between a first position at which the 
fluid chamber has a minimum volume, a second position at 
which the fluid chamber has a maximum volume, and an 
intermediate position at which the fluid chamber has an 

35 intermediate volume smaller than the maximum volume and 
greater than the minimum volume.. 
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The second driving member is spaced apart from the first 
driving member by a preselected free travel distance, and the 
plunger member and first and second driving members are 
operatives connected to each other for selectively exp e ii ing 
5 fluid from and drawing fluid into the chamber. The device 
also includes a member operative for maintaining the 
predetermined travel distance when the plunger assembly is 
moved from its second position to its intermediate position 
and for collapsing the predetermined travel distance when the 
10 plunger assembly is moved from its intermediate position to 
its farst position. Advantageously, the plunger member is 
removably connected to the second driving member and is 
disposable. 

Another aspect of the invention is an injection device 
15 comprising a housing, an energy source, a trigger mechanism 
for activating the energy source and one of the nozzle 
assemblies described above, with the nozzle assembly being 
removably attached to the housing for disposal after each 



use. 



20 



BRIEF DESCRIPTION OP THE DRAWINGS 

A better understanding of the invention may be obtained 
from a review of the appended drawing figures, which 
illustrate preferred embodiments and wherein: 
25 Fig. i is an exploded perspective view of a nozzle 

assembly according to the present invention; 

Fig. 2 is an elevational view of a frangible plunger 
according to the present invention, showing the plunger 
before injection; 

30 Fig. 3 is a view similar to Fig. 2, but with the plunger 

during or after injection; 

Fig 2- 9 ' 4 ^ 3 Cr ° SS SSCti0nal VieW taken alon 9 l^e 4-4 of 

Fig. 5A is a cross-sectional view of the present nozzle 
35 assembly with the plunger pulled away from the nozzle member; 
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Fig. 5B is a cross-sectional view of the present nozzle 
assembly before withdrawing medication into the ampule 
chamber ; 

Fig. 5C is a view of the injector of the present 
5 injector after medication has been introduced into the barrel 
of the injector; 

Fig. 5D is a view of the injector of the present 
invention after the frangible member of the piston is broken; 
Fig. 5E is a view of the injector of the present 
10 invention after the piston has pushed the liquid out of the 
barrel; 

Fig. 6 is a partial cross-sectional view of a nozzle 
assembly according to the present invention adapted to be 
connected to an injector only partially shown; 
15 Fig. 7 is a partial cross-sectional view of a plunger 

assembly according to the present invention adapted to be 
connected to a ram only partially shown; 

Fig. 8 is a partial cross-sectional view of a tip member 
of the plunger assembly shown in Fig. 7; 
2 0 Fig. 9 is a cross-sectional view of the sleeve member of 

the plunger assembly shown in Fig. 7; 

Fig. 10 is an external view of a pin member of the 
plunger assembly shown in Fig. 7; 

Fig. 11 is a partial cross-sectional view of the nozzle 
25 assembly of the present invention after drawing fluid into a 
chamber; 

Fig. 12 is a partial cross-sectional view of the nozzle 
assembly of the present invention ejecting air and/or excess 
fluid out of the chamber; 

30 Fig. 13 is a partial cross-sectional view of the nozzle 

assembly of the present invention after the energy device has 
been activated and the ram has travelled across a 
predetermined gap; 

Pig. 14 is a partial cross-sectional view of the nozzle 

35 assembly of the present invention after the plunger has 
pushed the fluid out of the chamber. 
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Fig. 15 is a diagrammatic elevational view of a fluid 
injector including a first embodiment of a plunger/ram 
assembly of the present invention. 

Fig. 16 is a diagrammatic enlarged cross-sectional view 
5 of one end portion of the fluid injector taken along line 
16-16 of Fig. 15. 

Fig. 17 is a diagrammatic isolated enlarged cross- 
sectional view of a plunger shown in Fig. 16 . 

Fig. 18 is a diagrammatic end view of the plunger taken 
10 along line 18-18 of Fig. 17. 

Fig. 19 is a diagrammatic cross-sectional view of the 
plunger taken along line 19-19 of Fig. 17. 

Fig. 20 is a diagrammatic isolated enlarged view of a 
tip or first driving member shown in Fig. 16. 
15 Fig. 21 is a diagrammatic isolated enlarged cross- 

sectional view of a sleeve shown in Fig. 16. 

, Fig. 22 is a diagrammatic isolated enlarged view of a 
pin or second driving member shown in Fig. 16. 

Fig. 23 is a diagrammatic exploded cross-sectional view 
20 of a second embodiment of a plunger/ram assembly of the 
present invention. 

Fig. 24 is a diagrammatic isolated enlarged partial 
cross-sectional view of an adjustable tip or first driving 
member shown in Fig. 23. 
25 Fig. 25 is a view similar to Fig. 23 but showing the 

plunger/ram assembly in an assembled state and adjusted for a 
maximum free travel distance D,. 

Fig. 26 is a view similar to Fig. 23 but showing the 
plunger/ram assembly in an assembled state and adjusted for a 
3 0 reduced free travel distance 

Fig. 27 is a diagrammatic exploded perspective view of 
an adjustment tool for adjusting the free travel distance D 
of the second embodiment of the plunger/ram assembly, only ' 
partially shown. 

35 Fig. 28 is a view similar to Fig. 25 but further 

including a nozzle body and injector housing shown during a 
fill phase of operation. 
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Fig. 29 is a view similar to Fig. 28 but shown during a 
bleed phase of operation. 

Fig. 30 is a view similar to Fig. 28 but shown during a 
firing initiated phase of operation. 
5 Fig. 31 is a view similar to Fig. 28 but shown during an 

impact gap closed phase of operation. 

Fig. 32 is a view similar to Fig. 28 but shown during a 
fired phase of operation. 

10 DETAILED DESCRIPTION OF THE DRAWINGS 

The nozzle assemblies of the present invention are 
adapted for use with any conventional injector, including the 
needleless type disclosed in the aforementioned patents, the 
disclosure of which is incorporated herein by reference. 

15 When a needle type injector is to be used, the orifice is in 
fluid communication with the bore of an appropriately sized 
needle. ^ 

The nozzle assembly has a nozzle member which includes 
an orifice of a suitable diameter that would produce a 

20 uniform jet stream under a given desired pressure range and 
depth of injection. Preferably, this diameter may be about 
0.07 - 0.4 mm, and most preferably about 0.165 mm (0.0065 
inches). If a highly precise jet stream is desired, the 
orifice can be formed of a synthetic gem material, such as a 

25 synthetic ruby or sapphire, as disclosed in U.S. patent 
4,722,728 to Dixon. Hereinafter, the term "orifice" shall 
mean any type of opening, including a straight, convergent, 
divergent , convergent-divergent , etc . 

The orifice may also be used to withdraw a fluid or 

30 liquid medication into the chamber. In this regard, a 

medication filling device such as an adapter for filling the 
internal chamber of a nozzle assembly from a liquid 
medication supply vial directly through the ejection orifice 
can be used to fill the chamber with medication, as described 

35 in U.S. Patents 4,507,113 to Dunlap; and 4,883,483 and 
4,662,878 to Lindmayer, the disclosure of which is 
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incorporated herein by reference, other coupling devices can 
also be used if desired. 

In one embodiment of the invention, the predetermined 
travel distance is provided by a frangible plunger mechanism 
5 which maintains the travel distance between two halves of the 
plunger which are separated by a frangible connection member. 
This embodiment is shown in Figs. 1-5. 

This nozzle assembly 10 includes a nozzle member 20, as 
shown in Figs. 5A-5E, having a cylindrical ampule chamber 26 

10 terminating in a right circular cone 28. The chamber 

includes external ridges 40 for attachment to an injection 
device. The plunger 50 has a pressure wall contoured to the 
cone 28 and is received through an open end of the chamber. 
It is positioned to slide longitudinally within the ampule 

15 chamber 26 to expel fluid medication out of the chamber and 
may also draw fluid medication into the chamber. 

As better shown in Figs. 2 and 3, this plunger 50 is 
frangible and has a first driving member 60 and a second 
driving member 70. As shown, these members have a generally 

20 cylindrical shape with D-shaped end portions 65, 75. These 
driving members are connected together in a spaced apart 
relationship across a predetermined travel distance or gap G 
by a frangible connection or bridge 80. As shown in Fig. 4, 
the preferred frangible bridge 80 is a relatively thin 

25 rectangular member connecting the D-shaped end portion of the 
first driving member 60 to that of the second driving member 
70. Advantageously, the frangible bridge 80 has a square 
cross-section. The frangible bridge 80 may be disposed in a 
perpendicular position to both straight sides of the D-shaped 

30 end portions 65, 75 of the first and second driving members 
as well as to the longitudinal axis of the first 60 and the 
second 70 driving members, which are parallel to the 
longitudinal axis (direction of the sliding movement) of the 
plunger 50. Preferably, the plunger 50, including the 

35 frangible bridge 80 is made out of a plastic, such as 
polycarbonate or polypropylene and is configured and 
dimensioned such that frangible bridge 80 can withstand a 
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force "p" for moving or withdrawing the plunger to draw 
liquid medication into ampule 2 6 without breaking. 

Alternatively, the frangible plunger 50 can be used with 
a prefilled ampule, thereby eliminating the need for moving 
5 the plunger longitudinally to draw liquid medication into 
ampule 2 6 or to expel excess liquid or bubbles therefrom. 

The leading end of the first driving member 60 includes 
a seal 62, such as 0-ring or the like, preferably formed 
around its outer periphery to provide a seal with the inner 

10 wall of the chamber. The plunger 50 itself can be a seal. 
Other seals or seal members can be included in the trailing 
end of the second driving member if desired to provide a 
better seal to prevent leakage of fluid for the chamber by 
minimizing the entry of air into the chamber from around the 

15 first 60 and second 70 driving member and by preventing air 
from entering the orifice 22 due to liquid exiting the 
chamber 2 6 around the driving members 60, 70. 

Referring to Figs. 5A-5E, the nozzle assembly 10 is 
attached to an injector body by connecting the end post 72 of 

20 the second driving member 70 to the ram 90 of the injector, 
as shown in Fig. 5A, and connecting the bayonet mount 4 0 to 
the front of the injector body (not shown) . The connection 
between the plunger 50 and the ram 90 can be any conventional 
connection that holds these elements together but enables 

25 separation, such as a ball and slot configuration as 
depicted. 

The plunger 50 is pushed into the chamber 26, in the 
direction shown by the arrow in Fig. 5A, to purge air. Fig. 
5B shows the plunger 50 fully pushed, before the liquid 
30 medication is drawn into the chamber 26. As the plunger 50 
is pulled to the direction shown by the arrow in Fig. 5B, a 
partial vacuum is established inside the chamber 2 6 and 
liquid medication is drawn into the chamber 2 6 through the 
orifice 22. 

35 It will be noted that the frangible connection is 

dimensioned and configured such that pushing or pulling 
action requiring force "p" normally affiliated with 
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withdrawal and slow ejection of air or medication before 
injection does not break the bridge 80. Upon an application 
of a relatively large injection force "P" on the ram 90, 
which may be significantly larger than the force "p", the ram 
5 90 transmits this force P to the second driving member 70 and 
breaks the frangible bridge 80. This allows the second 
driving member 70 to close the gap G and transmit force to 
the first driving member 60 to eject medication out of the 
chamber 26, as shown in Fig. 5D. Finally, Fig. 5E shows the 

10 position where the injection is completed and all the 
medication has been ejected. At this point, the nozzle 
assembly 10 can be rotated until the ridges 40 are free of 
the injection device and it can be removed. Since the first 
driving member 60 is broken away from the second driving 

15 member 70, which remains connected to the ram 90, the first 
driving member 60 remains inside the chamber 26. The second 
driving member 70 is then removed from the ram 90 and 
discarded along with the nozzle assembly 10. This prevents 
unwanted re-use of the nozzle assembly 10. 

20 In a normal operation of the injector, ram 90 of the 

injection device, operatively connected to an energy source, 
imparts sudden force or impact P to the second driving member 
70, enough to drive the second member 70 into the first 
member 60. This action is sufficient to drive the liquid 

25 contained in ampule 2 6 outward through orifice 22 at a peak 
jet stream pressure, for example, in excess of 5,000 psi out 
of the orifice 22. This sudden force is capable of breaking 
the frangible bridge 8 0 before the injection begins. 
Specifically, the force P applied to the second driving 

30 member 70 is transmitted to the first driving member 60 
through the bridge 80. Initially, the frictional force in 
the seal 62 generates enough friction to momentarily prevent 
the plunger 50 from moving. Once this frictional force is 
overcome, the plunger starts to move and imparts pressure to 

35 the medication in the chamber. This creates resistance or 
back pressure on the first driving member. When the 
difference between the resistance force imparted to first 
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driving member 60 by the fluid and the force imparted by the 
second driving member 70 toward the first driving member 60 
reaches a predetermined level, the bridge 80 breaks and the 
second driving member 70 rams into the first driving member 
5 60. 

Alternatively, frangible bridge 80 may be broken by an 
intermediate force larger than the force p, before the 
relatively large injection force P is applied on ram 90. 
Such an intermediate force can be generated for example by a 

10 pressure exerted on the liquid contained in ampule chamber 2 6 
through orifice 22 or by other triggering mechanism. 

The gap G plays an important role in creating a 
preferred pressure spike necessary to pierce through the 
patient's skin. Changing the gap G will change the initial 

15 force imparted on the first driving member. The peak 

pressure thus can be varied with the gap G. It can also vary 
depending upon the viscosity of the medication, the desired 
injection penetration depth and other parameters which may 
affect the initial injection pressure output. One of 

2 0 ordinary skill in the art can determine by routine 

experimentation the optimum gap for any frangible plunger 50 
that is to be used with a particular medication. 
Advantageously, frangible plunger 50 or nozzle assembly 10 or 
both can be manufactured with different colors, wherein each 

25 color denotes a predetermined width of gap G. This color 
coding scheme will assist the user in choosing a proper 
nozzle assembly for a specific application. 

Once the first 60 and second 70 driving members are 
separated, the first driving member 60 remains stuck in the 

30 chamber. The chamber and the plunger 50 thus becomes 
unusable. The amount of force to break the gap can be 
adjusted by changing the dimension of the bridge 80. 
Additionally, scoring lines or lines of breakage can be 
provided to controllably break the bridge 80. These can also 

3 5 be determined by routine experimentation to optimum 

performance criteria. 
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The nozzle assembly 10 can be connected to an injection 
device using any known structure for attaching and detaching 
two components together. The present invention preferably 
contemplates a bayonet -mount, which has diametrically opposed 
5 ridges 40. These ridges 40 are first aligned in an opening 
having a similar cross -sectional configuration provided in an 
injector so that the ridges can be inserted. Thereafter, the 
nozzle member 20 is rotated relative to the injector body by 
a predetermined degree to prevent the nozzle body from 
10 detaching in the axial direction. The bayonet-mount enables 
a quick attachment and detachment of the nozzle assembly 10. 
Alternatively, threads can be used to secure the nozzle 
assembly 10 to the injection device, other connection means 
can be used, if desired for a particular application. 
15 It will be understood that the frangible plunger 50 

according to the present invention can also be used with 
syringes having hypodermic needles where the frangible bridge 
80 breaks either before the injection begins or after the 
completion of the injection. 
20 in another embodiment of the invention, as shown in 

Figs. 6-14, the nozzle assembly 210 has a nozzle member 220, 
which includes a cylindrical ampule chamber 226 terminating' 
in a right circular cone 228. The chamber 226 includes 
external helical threads 240 for selectively removable 
25 attachment to an injection device. The plunger assembly 250 
as shown individually in Pig. 7, has a pressure wall 
contoured to the cone 228 and is received through an open end 
of the chamber 226. it is positioned to reciprocally move 
longitudinally within the ampule chamber 226 to expel fluid 
30 out of the chamber and may also draw fluid into the chamber. 
As better shown in Figs. 7-10, plunger assembly 250 
comprises a tip member or first driving member 260, a pin 
member 270, as shown in FIGS. 7, 9 and 10, a sleeve member 
280, and a resilient spring member 282. These members have a 
35 generally cylindrical shape and are connected together as 
shown in Fig. 7. Preferably, the spring member 282 is a 
helical compression spring. Pin member 270 is inserted into 
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sleeve member 280 until an external annular shoulder 274 of 
the pin member 270 comes into contact with an internal 
annular shoulder 281 of the sleeve member 280. The relative 
sizes and orientations of the shoulders 274, 281 help ensure 
5 that the pin member 270 is retained within the sleeve member 
280. An end post 272 of the pin member 270 extends outside 
of sleeve member 280. Spring 282 is then inserted into 
sleeve member 280 as shown. Finally, tip member 260 is 
threadedly connected to sleeve member 280, and compresses 
10 spring member 282 to a point where a predetermined first 
distance D x or spacing between the distal end of tip member 
262 and the proximal end of pin member 270 is resiliently 
maintained. 

Referring to FIG. 8, tip member 260 comprises front 

15 member 262, which has a conical head or tapered pressure wall 
member 263, a connecting member 264, and a back member 266. 
Alternatively, the back member 264 may be integrally formed 
with the front member 262. A seal member 267 and adjacent 
backup ring 2 68 are disposed between front member 2 62 and 

2 0 back member 266. As shown in Fig. 6, seal member 267 is 
preferably an O-ring having an outer diameter which is 
slightly larger than the inner diameter of ampule member 226, 
so that plunger assembly 250 is in a slidingly sealing 
relationship with ampule chamber 226. 

25 As shown in FIG. 8, the connecting member 264 of front 

member 262 is threadedly connected to back member 266. In 
this configuration, when seal member 267 has to be replaced, 
front member 262 can be separated from back member 266 to 
expose seal member 267 for removal and replacement. 

30 Furthermore, back member 266 comprises tail member 269, which 
is received within spring member 282. As stated above, the 
distance between the distal end of tail member 269 and the 
proximal end of pin member 270 constitutes the first distance 
D 2 . Conical member 263 is configured and dimensioned to fit 

35 within cone 228 so that when plunger assembly 50 is pushed 
against ampule chamber 226, substantially all the fluid is 
expelled from ampule chamber 226. 
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Preferably, the plunger assembly 250 is m *Ho <- 
Plastic, such as polycarbonate or polypropylene °' 9 

durable material such as ^^/^SS^T 
-tal. As described above, members of the piunaer 

Kererrmg to Figs. 6 and 11-14 the •. 

"2 of the P1 „ member 270 to the ram inject *!" 
connecting the externa! helical threads 240 to the ' 
10 complementary internal helical threads 292 define! in a , . 

portion of the injector body 294 The „™ fr ° nt 

y Tne connection between 

Plunger assembly a „d the ram 290 can he any conventional 
connect.cn that holds these elements together but etlT 
separation, such as a ball and slot configuration as 
« deputed The distal end 284 of the sleeve J£r 280 and 
the proximal end 292 of the ram 290 are spaced a^art 
according to a predetermined second distance D, vThioh is 
preferably selected to be smaller than the fir t distance o 

,0 ZZ'^TZ^TZl ^constitutes the controlled^ 
i^^- alscance that the ram 290 travels before 

impacting or otherwise moving the distal end of the sleeve 

function"- ^ ^ eBb0dlBent ' «» — -mber 2 
30 assembly 250 fullv n„ en V ! 9 * Sh ° WS the Pl«nger 

is -aj « vnz d r rea injection nuid 

is pulled aistally. a partial vacuum L^stlblishT 1 " "° 
the chamber 226 an* ^ ^ • established inside 

chamber via III TuZl tTlt I'"" «™ ^ ^ 
35 T ^ oritice 222, as depicted in Fig. n. 

- Pushed proximally to expel 't^Z^ ^s £T 
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As shown in Figs. 11 and 12, and according to a preferred 
embodiment of the present invention, spring member 282 has 
sufficient stiffness to resist relative movement between pin 
member 270 and tip member 2 60. And since spring member 282 
5 is pre-loaded (being compressed within sleeve member 280) , 
any slight relative movement between these two members would 
be compensated and after the purging process the gap D 2 or 
free travel distance between the ram 290 and sleeve member 
280 would be restored. It is within the ordinary skill of 

10 the art worker to select a proper resilient spring member to 
accomplish this purpose. Once installed, the preload on the 
spring member 282 provides a force greater than the force 
required to move the plunger assembly 250 within the chamber 
26 and towards the orifice 222. 

15 Upon an application of a relatively large injection 

force F from the injecting device on the ram 290, the ram 
transmits this force F to the pin member 270. This force F 
compresses resilient spring member 282 and allows the ram 290 
to travel across the gap D 2 and directly transmit the force to 

20 the sleeve member 280 thereby proximally moving the sleeve 
member 280 and tip member 260 to eject fluid out of the 
chamber 226, as shown in Figs. 13-14. If the nozzle assembly 
210 is to be reused by the same patient, the pin member 270 
is pulled distally by the ram 290 as depicted in Fig. 11 and, 

25 due to the resiliency of the spring member 282, the first and 
second distances D 1# D 2 are accurately reestablished or 
restored . 

After fluid injection is completed, the nozzle assembly 
210 can be rotated until the threads 240 are free of the 

30 corresponding threads 292 on the injector body 294 so that 
the nozzle assembly 210 can be removed for cleaning and/or 
replacement of the pin member 270. 

In a normal operation of a needleless injector, ram 290 
of the injection device is operatively connected to an energy 

35 source and imparts a sudden force or impact F to the pin 

member 270, which force is high enough to compress spring 282 
and to allow the ram 290 to directly drive the sleeve member 
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280 and tip member 260 towards the orifice 2« ™.. 

is sufficient to drive the fluid ,. T h " action 

226 outward through orifL 222 at ? ^ 
stream pressure of. for ^e 3 P«* Jet 

s ..h igh pressure-, what LTZ Va" ZZrlViT ^ " 
is capable of penetrating the sKin o a pal Zt IT T" 
be a pressure of greater than l.ooo psi an "^cal^ bet" 
about 3 /0 00 and 10,000 psi. ^YPically between 

The second distance or gaD D d ia V «, a „ • 
» creating the preferred pressure ^ZZ^t^ " 

initial -agmtude of the gap D; vlu ch 

m 3 ected, the desired injection penetration depth and oth. 

Also, in another embodiment, the first distance D 

20 orox"", diStal " 5 ° f the — « "0 ana the 

t„an C " 6 ° f ^ " 0 iB <*«•» to be Las 

than the second distance D Tn *-k • 

^ber 270 functions aTt^' arrangement, the pin 

end 265 of tip member 260, when the ram 290 and 
35 270 comnres* +-h« ™- nd pin member 

compress the spring member 282. 

The nozzle assembly 210 can be connected to an i„w 
-vice using any Known structure for attaching S^TnT 
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two components together. The present invention preferably 
contemplates a bayonet mount, which has diametrically opposed 
threads 24 0. These threads 240 are first aligned in an 
opening having a similar cross-sectional configuration 
5 provided in an injector so that the threads can be inserted. 
Thereafter, the nozzle member 220 is rotated relative to the 
injector body by a predetermined degree to prevent the nozzle 
body from detaching in the axial direction. The bayonet- 
mount enables a quick attachment and detachment of the nozzle 

10 assembly 210. Other connection means can be used, if desired 
for a particular application. 

Additional embodiments are shown in Figs. 15-32, which 
illustrate the use of a spring member for maintaining the 
predetermined travel distance, wherein the distance between 

15 the first and second driving members can be varied without 
substituting different members. 

In Figs. 15-16, there is shown a fluid injector 300 
having a nozzle body 302, a plunger/ram assembly 304, and an 
injector housing 306. As shown in Fig. 16, the nozzle body 

2 0 302 defines a fluid chamber or blind bore 308 and at least 
one orifice 310 communicating with the chamber. The fluid or 
ampule chamber 308 has an end portion 312 which is, for 
example, tapered towards the orifice. The nozzle body 3 02 
and injector housing 306 include connector means 314 for 

25 selectively attaching and removing the nozzle body to the 
injector housing. For example, the connector means 314 may 
include external helical threads 316 formed around the nozzle 
body and corresponding internal helical threads 318 formed in 
the injector housing 306. 

30 The plunger /ram assembly 304 includes a plunger assembly 

320 adapted to be movably or reciprocally positioned in the 
chamber 308 and a ram assembly 322 operatively connected to 
the plunger assembly for drawing fluid into and drawing fluid 
out of the chamber 308 through the orifice 310. 

35 The plunger assembly 304, as shown in FIGS. 16 and 17, 

includes a plunger 324 and a seal member 326. The plunger 
includes a pressure wall 328 contoured to the end portion 312 
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of the chamber 308 and is received through an open end 330 
portion of the chamber. The plunger assembly 304 is 
positioned to reciprocally move longitudinally within the 
chamber 308 to expel fluid out of the chamber via the orifice 
5 310 and may also draw fluid into the chamber 308 via the 
orifice 310. 

As shown in FIGS. 16 and 17, the seal member 326 is 
preferably a separate member such as an o-ring positioned in 
a circumferential groove 332 defined in the plunger 324. The 

10 0-nng has an outer diameter which is slightly larger than 
the inner diameter of the chamber 308, so that the plunger 
assembly 320 is in a slidingly sealing relationship with the 
chamber 308. Alternatively, the seal member 326 may ^ 
integrally formed with the plunger such as, for example, 

15 selecting a resilient material for the plunger. Th e plunger 

alS ° inClUd6 3 bSOkUP r1 "' »« P°*"ioned 
adjacent to the seal member 326. 

As shown in Figs. 16 and 2 0-22, the driving members 
assembly 323 includes a second driving member or pin 336 a 
20 first driving member or tip 338, a sleeve 340, and a 

resilient spring member or biasing member 342. These items 
have a generally cylindrical shape and are arranged as shown 
xn Fl g. 16. The first and second driving members are 

25 a??'' 3 ! SPaCed ^ 9 PreSGleCted f ~e travel distance or 
gap D,. The plunger assembly 324 is connected to the first 
driving member 338. Preferably, the plunger assembly 320 is 
removably connected to the first driving member 338 in order 
to make the plunger assembly 324 disposable. 

Preferably, the spring member 342 is a helical 

30 compression spring. The pin 336 is inserted into sleeve 340 
until an external annular shoulder 346 of the pin 336 comes 
into contact with an internal annular shoulder 348 of the 
sleeve 340. The relative sizes and orientations of the 
shoulders help ensure that the pin is retained within the 
sleeve An end portion 350 of the pin 336 extends outside of 
sleeve 340. The spring 342 is then inserted into sleeve 340 
as shown in FIG. 16. Finally, external helical threads 352 
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of the tip 3 38 are connected to corresponding internal 
helical threads 354 of the sleeve 34 0 which compresses or 
preloads the spring member 342 to a point where a 
predetermined first distance D 1 or spacing between the distal 
5 end 380 of tip (first driving member) 338 and the proximal 
end 378 of the pin (second driving member) 336 is resiliently 
maintained . 

As shown in Figs. 16-17, the plunger 324 includes a 
first end portion 356 facing the first driving member and a 

10 second end portion 3 58 facing the orifice 310 of the chamber 
3 08. As shown in Figs. 16 and 22, the first driving member 
or tip 3 38 includes a first end portion 360, facing the 
second driving member, and a second end portion 362 facing 
the first end portion 356 of the disposable plunger 324. The 

15 first end portion 356 of the plunger 324 and the second end 
portion 362 of the tip 3 38 include releasable engagement 
means 364 which form a removable connection. As shown in 
Figs. 16-17, the plunger 324 preferably includes a plurality 
of fingers 3 66 having barbed ends 3 68 which removably attach 

20 to a circumferential groove 370 defined in the tip. The 
releasable engagement means 3 64 cooperates with the chamber 
308 so as to be maintained in an engaged state when 
positioned within the chamber 3 08. Similarly, the releasable 
engagement means 364 can be disengaged when it is removed 

25 from the chamber 308. 

In this configuration, when seal member 3 26 and/ or 
plunger 324 has to be replaced, the plunger assembly 32 0 can 
be separated from tip 338. Furthermore, the tip 338 includes 
a tail member 372, which is received within the spring member 

30 342. As stated above, the distance between the distal end 
380 of the tail member 372 and the proximal end 378 of the 
pin 336 constitutes the first distance D 1 . 

As shown in FIGS. 16, 22, and 23, the second driving 
member (e.g., pin) 336 includes a first end portion 374 

35 adapted to be connected to the ram 325 and a second end 
portion 376 facing the first end portion 3 60 of the first 
driving member 338 (e.g., tip). Preferably, one of the 
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oppositely facing end portions of the first and second 
driving members has a concave semi-spherical surface 378 
The other of the oppositely facing end portions of the first 
and second driving members preferably has a convex semi- 
5 spherical surface 380 which conforms to the concave semi- 
spherical surface. Thus, the semi-spherical surfaces are 
resiliency spaced apart by the resilient biasing member 342 
accordxng to the free travel distance Dl . As compared to 
planar surfaces, the semi-spherical surfaces advantageously 
10 maximize the surface area of impact or contact between the 
first and second driving members. This minimizes wear and/or 
deformation between such opposing surfaces after repeated 
use. Alternatively, the oppositely facing surfaces may be 
planar or have some other complementary shapes. 
15 Preferably, as in the other embodiments, the plunger 

assembly 320 may be made out of a plastic, such as 
polycarbonate or polypropylene, an elastomer, or a more 
durable material such as aluminum, stainless steel, or other 
metal • 

20 Referring to Fig. 16 , the nozzle body 302 is attached to 

the sector housing 306 by connecting the external helical 
threads 316 to the complementary internal helical threads 318 
defined m a front portion of the injector housing. The 
connection between the pin 336 and the ram 325 can be any 

25 conventional connection that holds the end portion 374 of the 
Pin 336 to the ram 325, such as the threaded connection 
depicted. The distal end 341 of the sleeve 340 and the 
proximal end of the ram 325 are spaced apart according to a 

30 r* ete0lined SeCOnd dista — * which is preferably selected 

30 to be greater than the first distance Dl . Thus, the first 
distance D, constitutes the controlled gap or free travel 
distance that the second driving member (e.g., pin) 3 36 

38TT ,H ef ° re imPaCting ° r otherwise -oving the distal end 
380 of the first driving member 338 (e.g., tip) 

35 therr iv x eiy ; h free travei can be set by iength °> ^ I*** 

then Dl . m this case, free travel can be adjusted by 
replacement of the pin 336, the length of which middle 
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portion controls the magnitude of the free travel distance. 
In other words, the ram 325 will bottom out on sleeve 340. 

In the second embodiment shown in Figs. 25-32, a 
modified plunger/ram assembly is shown. In this arrangement, 
5 the first driving member (e.g., tip) 338 has a means 384 for 
variably adjusting in situ the free travel distance D x . As 
shown in Figs. 25-26, the tip 338 includes a bushing 386 
having a threaded bore 388 and a tail member 390 having a 
threaded stem 392 movably positioned in the bore 388 of the 

10 bushing 386. The bushing 386 has external helical threads 
394 that removably engage corresponding internal helical 
threads 396 defined on one end portion of the sleeve 340. A 
free end of the threaded stem 392 has a slot 398 for variably 
adjusting the effective length of the tail member 390 

15 extending out of the bushing 386. As shown in Fig. 25 
shortening the effective length of the tail member 390 
increases the free travel distance D x while lengthening the 
effective length of the tail member 390 decreases the free 
travel distance D x . 

20 Fig. 27 shows an adjustment tool 4 00 for changing the 

effective length of the tail portion 390. The adjustment 
tool preferably includes a knob 4 02 rotatively connected to a 
blade 404 adapted to engage the slot 398 of the threaded stem 
392. The tool further includes indicator means 406 such as a 

25 dial gauge 408 for measuring the displacement or effective 
length of the tail portion 390 extending outside of the 
bushing 386 and towards the second driving member. 

The plunger /ram assembly according to the present 
invention is adapted for use with any fluid injector, 

30 including the hypodermic fluid injectors disclosed in the 
aforementioned patents, the disclosure of which is 
incorporated herein by reference. When a needle-type 
injector is to be used, the orifice is in fluid communication 
with the bore of an appropriately-sized needle. 

35 Operation of the second embodiment of the plunger /ram 

assembly 304 will now be described with respect to Figs. 
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Into L h P ' Unger/rain aSSemb1 ^ 304 - P-he d proximally 
into the chamber 308, to purge air . Fig . 28 showg ^ 

plunger/ram assembly 304 fully pushed; before the de 
injection fluid is drawn into the chamber 308. As the 
5 plunger/ram assembly 304 is pulled distally, a partial vacuum 
is established inside the chamber 308 and the desired fLM 
is drawn into the chamber 308 via the orifice 310 as 
depicted in Fig. 29. 

In the event that air bubbles and/or excess fluid are 

Z7, M ° ^ ChMber ' «se„blv 304 must be 

pushed proximaily to expel the bubbles or exoess fluid As 
shown in Pi, 30, and according to a preferred embodiment of 
the present invention, spring member 342 has sufficient 
stiffness to resist relative movement between the pin 336 and 
15 the tip 333. Sino e the spring member 342 is pre-loaded 
(being compressed within the sleeve 340) , there is no 
relative movement between the pin 336 and the tip 338 during 
the bleeding or purging phase so that the gap D, or free 

20 338 Ve 3 3 f StanCe bStWeen and Sec ° nd living members 

*0 338, 336 is maintained, it is within the ordinary sxill of 

the art worker to select a proper resilient spring member to 
accomplish this purpose, once installed, the preload on the 
spring member provides a force greater than the force 
required to move the plunger/ram assembly 304 within the 
25 chamber 308 and towards the orifice 3io. 

To inject high pressure fluid, upon application of a 
relatively large force F on the ram 325, the ram 325 
transmits this force F to the second driving member or P m 

30 and'allow 5 T" ' C °" Pr * SS * S «» spring member 342 

and allows the second driving member 336 to travel across the ' 

memb!' «- force to the first driving 

member or tip 338. The tip 338 thereby proximally moves the 
Plunger 324 towards the orifice 310 to eject fluid out of the 
chamber 308, as shown in Pi,. 3 2. if the plunger/ram 
35 assembly 304 is to be reused by the same patient/the pin 336 
is pulled distally by the ram 325 as depicted in Pi, 2 a 
due to the resiliency of the spring .ember 342. the fir t d 
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second distances D lf D 2 are accurately reestablished or 
restored. 

After fluid injection is completed, the nozzle body 302 
can be rotated until the threads are free of the 
5 corresponding threads on the injector housing so that the 
nozzle body 302 can be removed from the injector housing. 
The plunger 324 can be disposed of and the tip 338 can be 
replaced with another tip having a tail portion 390 of 
different length to change the free travel between the first 

10 and second driving members. 

In a normal operation of the fluid injector, the ram 325 
of the injection device is operatively connected to an energy 
source and imparts a sudden force or impact F to the pin 33 6, 
which force is high enough to compress the spring member 34 2 

15 and to allow the pin 33 6 to directly drive the tip 338 and 
plunger 324 towards the orifice 310. This action is 
sufficient to drive the fluid contained in the chamber 3 08 
outward through the orifice 310 at a relatively high peak jet 
stream pressure of, for example, in excess of 5,000 psi. By 

2 0 "high pressure", what is meant is a jet stream pressure which 
is capable of penetrating the skin of a patient. This would 
be a pressure of greater than 1,000 psi and typically between 
about 3,000 and 10,000 psi. 

The first distance or gap D 1 plays an important role in 

25 creating the preferred pressure spike necessary to pierce 
through the patient's skin or other portion of the patient's 
body. Changing the magnitude of the gap D : will change the 
initial force imparted on the tip and plunger. The peak 
pressure thus can be varied by varying the gap D a . It can 

30 also vary depending upon the viscosity of the fluid to be 
injected, the desired injection penetration depth and other 
parameters which may affect the initial injection pressure 
output. One of ordinary skill in the art can determine by 
routine experimentation the optimum gap for any plunger 

35 assembly that is to be used with a particular injection 
fluid. Advantageously, tip, pin, and/ or the whole ram 
assembly can be manufactured with different indicia such as 

- 25 - 



WO 97/31665 

PCT/US97/02922 

tillllll c T- codes and/ - „ herein each 

user zn choosing a proper nozzle assembly for a S pe ci£ io 
S application. specific 

Also, in an alternative embodiment, the first 

between the distal end of the tip 336 and • dlStanCe D > 

. Ui P JJ o ana the proximal on^ 

the pin 338 is chosen to be greater th™ ^ 

n t« ck' greater than the second distance 

B,. in thrs arrangement, the saeeve 340 functions to be 
10 directly impacted by the ram 325 which moves the tip 338 and 
Plunger 324 towards the orifice 310. 

The nozzle body 302 can be connected to the in-l-,.,. 
housing using any known structure for ! ln ^«« 

two components together ^ 2 ! attachln * — Caching 

e P res ©nt invention Dreferaw,, 
°° nt -Pl"es a bayonet mount, which has diametrically "on „ 
threads. Th ese threads are fi rst aligned in a ? o £l g 
havmg a similar cross-sectional configuration propel in 

T tr a n ft e e C ° r th hOUSin9 1 S ° ^ ^ ~ S ~ 
Thereafter, the nozzle body is rotated relative to the 

» sector housing by a predetermined degree to prevent the 
nozzle body f roB detachlng in the axial direc J on S ~ e 

hayonet-mount enables a guic* attachment and detachment of 
the nozzle body as well as the disposable plunger other 

» ™r ans oan be — " — - a 

It should be understood that variations and 
modifications within the soii-it- 

occur to those sRined in th! ° f ^ inVSntl ° n 

Pertains. According all I 
30 attainable k dlngly ' a11 ^edient modifications readily 
tamable by one versed in the art- *™ 4.v ^. ' 
fnw-v, k from the disclosure set 

forth herein that are within *-h*> ~~ 

witnm the scope and spirit of fhr, 
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THE CLAIMS 

What is claimed is: 

1. A nozzle assembly adapted for use with an injector 
device having an energy generating source, comprising: 

5 a chamber adapted for holding a fluid and having first 

and second end portions with an orifice defined at the first 
end portion for passage of the fluid and being open at the 
second end portion; 

a first driving member movably positioned in said 
10 chamber; 

a second driving member movably positioned in said 
chamber and spaced apart from the first driving member 
according to a predetermined travel distance and including an 
end portion operative for expelling fluid out of or drawing 
15 fluid into the chamber via the orifice; and 

a spacing member disposed between the first and second 
driving members for maintaining said predetermined travel 
distance during displacement of the first and second driving 
members before the energy generating source is activated. 

20 

2. The nozzle assembly of claim l, wherein the spacing 
member comprises a frangible connection between the first and 
second driving members, wherein when said energy generating 
source is activated, a force is produced which breaks the 

25 frangible connection and drives the second driving member 
across said predetermined travel distance toward the first 
driving member for urging the first driving member towards 
the chamber orifice to expel fluid therefrom. 

30 3. The nozzle assembly of claim 1, wherein the first 

driving member includes a seal member to prevent fluid from 
exiting the chamber around the first driving member and 
through the open end and the frangible connection has a 
smaller cross-sectional area than either of the first and 

35 second driving members. 
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4. The nozzle assembly of claim i, „ herein the 
driving member includes an end post „ h l ch can be grasped 
move the secona driving member in a direction away froTthe 
chamber orifice to either draw fluid into the chamber or to 
5 remove the second driving member from the chamber, and 
wherein after firing, the fi rst driving „ ember 
the chamber to prevent rause of the nozzle assembly. 

5. The nozzle assembly of claim l, wherein the first 
10 and second driving members are manufactured with indie* a 
representative of a predetermined travel distance, so ttat 
different travel distances can be provided by selection of 
first and second driving members having different indicia. 

15 6. The nozzle assembly of claim 5, wherein said indicia 

includes a specific color code, selected from different co 
codes, corresponding to a respective predetermined travel 
distance between the first and second driving members. 

" in , I' ^ "° ZZle assen,bl * ° f 1. wherein the chamber 

includes a tapered portion adjacent the orifice and the f irst 
driving member includes a tapered cone which conforms to the 
tapered portion of the chamber; the first and second driving 
members are cylindrical and have o-shaped end portions wh ch 

25 face each other; and the frangible connection comprises a 
rectangular bridge connecting straight sides of the D-shaped 
portions of the first and second driving members. 

30 me„ h " - The . n02Zle ass «»*=ly °f claim l, wherein the spacing 
30 member comprises a resilient biasing member disposed between 
the fl rst and second driving members for resiliency 
maintaining said predetermined travel distance. 

9. The nozzle assembly of claim 8, wherein said 
35 resment biasing member is a spring; the first and second 
driving members are operatively connected by a sleeve LmL; 
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and the spring is disposed within the sleeve member between 
the driving members. 

10. The nozzle assembly of claim 9, wherein the first 
5 driving member has a seal in contact with an inner wall of 

the chamber to prevent fluid from exiting the chamber around 
the first driving member and through the open end; the 
chamber includes a tapered portion adjacent the orifice and 
the first driving member includes a tapered cone which 
10 conforms to the tapered portion of the chamber; the distal 
end of the first driving member is positioned within the 
sleeve for contacting a proximal end of the second driving 
member; and the second driving member is associated with the 
energy generating source. 

15 

11. The nozzle assembly of claim 8, wherein the 
resilient biasing member has a preselected preload and is 
operatively disposed for maintaining said predetermined 
travel distance when said preload is greater than a movement 

20 force applied to the second driving member. 

12. The nozzle assembly of claim 11, wherein said first 
driving member includes a plunger which is removably 
connected at the forward end thereof for expelling fluid from 

25 the chamber orifice. 

13. The nozzle assembly of claim 12, wherein said 
plunger includes a first end portion facing the first driving 
member and a second end portion adapted to face the orifice 

30 of the chamber, said first driving member including a first 
end portion facing the second driving member and a second end 
portion facing the first end portion of the plunger, wherein 
the first end portion of the plunger and the second end 
portion of the first driving member include releasable 

35 engagement means which form the removable connection. 
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14. The nozzle assembly of claim 13, wherein the 
releasees engagement means is adapted to oooperate with the 
chamber so as to he maintained in an engaged state when the 
no 2 z!e assembly is positioned within the Camber, and can L 

5 disengaged when removed from the chamber. 

15. The nozzle assembly of claim 12, wherein said 
chamber and plunger define a variable volume chamber, said 
Plunger adapted to be selectively movable by the energy 

10 generating source between a first position at which the 

chamber has a minimum volume, a second position at which the 
chamber has a maximum volume, and an intermediate position at 
which the chamber has an intermediate volume smaller than the 
maximum volume and greater than the minimum volume, said 
PlU " 9e ! ind Said first — ~»- driving Ke „bers operatives 
connected to each other for selectively expelUng fluid from 
and drawing f lu id into the chamber, said spacing member 

IZTtr T Mintainin0 Sa " Predetermined travel distahce 
when the plunger is moved from its second position to its 
20 intermediate position ahd for collapsing said free travel 
distance when the plunger is moved from its intermediate 
position to its first position. ' " 

16. The nozzle assembly of claim 15, wherein said 

and" 9 ", 18 re "° Vably °° nnected to th * «r-t driving member 
and is disposable, 

17. The nozzle assembly of claim 11, wherein said first 
driving member includes a tail portion facing the second 

30 driving member, said tail portion having a preselected Lgth ' 
which controls said predetermined travel distance. 

n „^. 18 " « ThS n °" le asse **ly <* claim 17, wherein said tail 
Portion o, the first driving member has an adjustable iength 
3S to selectively vary the predetermined travel distanoe 
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19. An injection device comprising a housing , an energy 
source, a trigger mechanism for activating the energy source 
and a nozzle assembly according to claim 1. 

20. The device of claim 19, wherein the nozzle assembly 
is removably attached to the housing and is disposable. 
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